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A-site  non-stoichiometric  materials  Sr1.5LaxMn04  (x  =  0.35,  0.40,  0.45)  are  prepared  via  solid  state  reac¬ 
tion.  The  structure  of  these  materials  is  determined  to  be  tetragonal.  Both  the  lattice  volume  and  the 
thermal  expansion  coefficient  reduce  with  the  decrease  of  lanthanum  content.  On  the  contrary,  the  con¬ 
ductivity  increases  and  the  maximum  value  of  13.9  S  cm-1  is  found  for  Sri.5Lao.35Mn04  at  750  °C  in  air. 
AC  impedance  spectroscopy  and  DC  polarization  measurements  are  used  to  study  the  electrode  perfor¬ 
mance.  The  optimum  composition  of  Sr1.5La0.35MnO4  results  in  0.25  Q  cm2  area  specific  resistance  (ASR) 
at  750  °C  in  air.  The  oxygen  partial  pressure  measurement  indicates  that  the  charge  transfer  process  is 
the  rate-limiting  step  of  the  electrode  reactions. 
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1.  Introduction 

Solid  oxide  fuel  cells  (SOFCs)  attracted  more  and  more  substan¬ 
tial  interests  in  recent  years,  due  to  their  high  energy  conversion 
efficiency,  ability  to  use  low  cost  non-precious  metal  catalysts,  fuel 
flexibility  and  system  compactness  compared  to  other  types  of  fuel 
cells  [1,2].  Nowadays,  one  of  the  most  important  research  goals 
is  to  develop  intermediate-temperature  solid  oxide  fuel  cell  (IT- 
SOFC).  IT-SOFC  will  solve  various  problems  associated  with  the  high 
operation  temperature  (900-1000  °C),  such  as  sealing  and  ther¬ 
mal  degradation.  However,  a  key  obstacle  to  reduced-temperature 
operation  of  SOFCs  is  the  poor  activity  of  traditional  cathode  mate¬ 
rials  for  electrochemical  reduction  of  oxygen  [3-5].  Therefore,  it 
is  critical  to  develop  advanced  cathode  materials  with  favorable 
electrochemical  performance  at  reduced  operation  temperature. 

Recently,  many  investigations  on  mixed  ionic  electronic  con¬ 
ductors  (MIECs)  with  I<2NiF4  structure  were  reported  [6-1 6].  These 
oxides  are  usually  formulated  as  A2B04,  which  can  be  described  as 
a  series  combination  of  AB03  perovskite  layers  alternating  with  AO 
rock-salt  layers  along  the  c-direction  [17].  These  compounds  can 
accommodate  a  significant  amount  of  oxygen  non-stoichiometry, 
due  to  their  unique  crystal  structure  characteristics.  It  is  generally 
accepted  that  oxygen  ionic  conduction  in  K2NiF4-type  compounds 
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may  occur  via  a  vacancy  mechanism  in  the  perovskite  layers  or  via 
diffusion  of  interstitial  oxygen  in  the  rock-salt  layers,  whereas  the 
electronic  conduction  behavior  comes  from  the  p-type  electronic 
conductivity  in  the  perovskite  layers  [18-21].  Previous  studies 
have  shown  that  A2B04  oxides  possess  good  thermochemical  sta¬ 
bility,  compatible  thermal  expansion  coefficient  with  traditional 
electrolytes,  and  improved  oxygen  diffusion  and  surface  exchange 
coefficients  compared  with  perovskite  oxides  [22,23,20,24].  These 
desirable  properties  mentioned  above  make  A2B04  oxide  a  promis¬ 
ing  candidate  of  cathode  material  for  IT-SOFC.  It  is  known  that  the 
content  of  interstitial  oxygen  and  the  oxygen  ionic  conductivity  in 
these  compounds  are  mainly  determined  by  A-site  cations,  and  the 
electrical,  magnetic  and  catalytic  properties  are  mainly  determined 
by  B-site  cations.  We  consider  that  this  kind  of  materials  will  exhibit 
excellent  performance  as  cathode  for  SOFC  through  pertinently 
choice  of  A-site  and/or  B-site  elements.  Up  to  now,  the  researches 
based  on  K2NiF4  type  cathode  materials  are  mainly  focused  on 
Ni,  Cu,  Co  and  other  rear  transition  elements  on  B-site  [25,26]. 
Few  attentions  have  been  paid  to  fore  transition  elements,  such  as 
Mn.  Munnings  et  al.  prepared  Sr2_xLaxMn04+§  and  studied  their 
structure,  stability  and  electrical  conductivity.  The  investigation 
indicated  that  Sr2_xLaxMn04+§  has  good  thermochemical  stabil¬ 
ity  over  a  wide  range  of  oxygen  partial  pressures  and  the  thermal 
expansion  coefficient  is  comparable  to  the  most  commonly  avail¬ 
able  electrolyte  materials  [10].  In  a  previous  study,  we  reported 
the  cathodic  performance  of  Sr2_xLaxMn04  (x  =  0.4,  0.5,  0.6)  and 
found  that  the  lowest  polarization  resistance  of  Sri.4Lao.6Mn04  was 
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0.39  C2  cm2  at  800  °C  in  air  [27].  In  this  paper,  a  series  of  A  site  non- 
stoichiometric  solid  solutions,  Sri.5LaxMn04  (x  =  0.35,  0.40,  0.45) 
were  synthesized  via  solid  state  reaction  and  their  electrochemi¬ 
cal  properties  were  investigated  systematically  in  relation  to  the 
requirement  of  SOFC  cathode. 

2.  Experimental 

2.1.  Preparation  of  Sr15LaxMn04  (x  =  0.35,  0.40,  0.45 )  powder 

Sr15LaxMn04  powders  were  prepared  by  conventional  solid 
state  reaction  method.  The  precursors  were  La203,  SrC03  and 
MnC03.  All  of  the  starting  materials  were  analytical  reagent. 
La203  was  preheated  to  1000°C  to  remove  any  possible  hydrox¬ 
ide  and  carbonate.  SrC03  and  MnC03  were  heated  to  evaporate 
the  adsorbed  water.  Stoichiometric  amounts  of  La203,  SrC03  and 
MnC03  powders  were  intimately  mixed  with  absolute  alcohol  in 
an  agate  mortar  and  grinded  with  pestle  for  2  h.  Then  the  mix¬ 
ture  was  calcined  at  1000°C  for  12  h  and  subsequently  pressed 
(220  MPa)  into  pellets  and  calcined  at  1300  °C  for  24  h.  The  pellets 
were  then  crushed  and  followed  by  repeated  grinding  and  calcining 
until  complete  reaction  and  uniform  composition  were  achieved. 

2.2.  Preparation  of  cathode 

Three  electrodes  system  was  fabricated  to  test  the  electrochem¬ 
ical  properties.  Ceo.9Gdo.1O1.95  (CGO)  powder  was  obtained  from 
Rhodia  Courbevoie  (France).  The  CGO  powders  were  pressed  uni- 
axially  at  220  MPa  and  then  sintered  at  1400  °C  for  10  h  to  form 
densified  pellet.  About  200  mg  Sri.5LaxMn04  powders  were  mixed 
with  0.5  mL  terpineol  to  form  a  slurry,  and  subsequently  painted 
on  one  side  of  the  CGO  pellet,  to  form  working  electrode  (WE)  area 
of  1.0  cm2.  Platinum  paste  was  painted  on  the  other  side  of  the 
CGO  pellet  in  symmetric  configuration,  as  the  counter  electrode 
(CE).  A  Pt  wire  was  used  as  reference  electrode  (RE)  and  painted 
on  the  same  side  that  of  the  working  electrode.  The  cathode  was 
first  heated  at  400  °C  for  2  h  to  eliminate  organic  binders,  followed 
by  sintering  at  1000°C  for  4h  in  air,  with  a  heating/cooling  rate 
of  3°Cmin_1.  The  scheme  of  the  cell  was  illustrated  in  Ref.  [28]. 
The  microstructure  of  the  cathode  was  investigated  by  scanning 
electron  microscopy  (SEM)  (Hitachi,  S-4700  FEG). 

2.3.  Characterization 

The  phase  identification  of  the  synthesized  powders  was  per¬ 
formed  with  X-ray  diffraction  instrument  (Rigaku,  D/MAX-3B). 
Structure  refinements  were  carried  out  by  the  Rieltveld  method. 
The  electrical  conductivity  of  the  Sri  .5LaxMn04  materials  was  mea¬ 
sured  by  the  standard  four-probe  DC  method.  Measurements  were 
performed  from  room  temperature  to  750  °C  with  a  heating  rate 
of  5°Cmin-1.  The  thermal  expansion  of  the  rectangular  speci¬ 
mens  was  measured  from  room  temperature  to  900  °C  in  air,  using 
TMA  system  (SETSYS  Evolution)  with  a  heating  rate  of  5  °Cmin-1. 
The  impedance  spectra  were  recorded  over  the  frequency  range 
1  MEIz  to  0.1  EIz  using  Autolab  PGStat30.  The  measurements  were 
performed  at  OCV  as  a  function  of  temperature  (550-750  °C)  and 
oxygen  partial  pressure  (in  an  N2/02  mixed  atmosphere).  The  DC 
polarization  experiments  were  performed  by  the  chronoamperme- 
try  methods,  as  that  explained  in  Ref.  [29]. 

3.  Results  and  discussions 

3.1.  XRD  analysis 

Fig.  1  shows  the  room  temperature  XRD  patterns  of 
Sri.5LaxMn04  (x  =  0.30, 0.35, 0.40, 0.45).  The  refined  cell  parameters 


Fig.  1.  XRD  patterns  of  Sri.5LaxMn04  (x  =  0.30,  0.35,  0.40,  0.45)  sintered  at  1000 °C 
in  air. 

Table  1 

Structural  parameters  of  Sri.5LaxMn04  obtained  from  Rietveld  refinements  of  pow¬ 
der  X-ray  diffraction  data. 

x  0.35  0.40  0.45  0.50 

a  (nm)  38.441  38.505  38.518  38.637 

c  (nm)  123.94  124.05  124.07  124.37 

V  ( x  1 03  nm3 )  183.15  183.92  184.07  185.66 


are  listed  in  Table  1.  All  the  diffraction  peaks  can  be  well  indexed  as 
K2NiF4  tetragonal  structure  with  the  space  group  /4/mmm.  It  was 
observed  that  the  main  diffraction  peaks  of  Sr15LaxMn04  shifted 
gradually  to  higher  values  of  20  with  the  increases  of  La  cation 
deficiency,  which  indicates  the  shrinkage  of  cell  lattice  parameters. 
When  the  value  of  x  decreased  to  0.30,  however,  some  impurity 
phases  were  detected.  This  result  suggests  that  La  cation  defi¬ 
ciency  fraction  is  limited  to  approximately  0.35  for  Sri.5LaxMn04 
material.  The  lattice  shrinkage  can  be  attributed  to  the  follow¬ 
ing  two  factors:  (1)  with  the  increase  of  La  cation  deficiency, 
part  of  the  Mn  valence  changed  from  Mn3+  to  Mn4+  due  to  the 
electroneutrality  condition.  According  to  the  valence-bond  theory, 
the  Mn-0  bond  strength  will  increase  and  bond-length  decrease 
in  this  case;  (2)  the  loss  of  lattice  oxygen  and  the  formation  of 
oxygen  vacancies  are  enhanced  with  the  increase  of  La  cation 
deficiency. 

The  high  temperature  chemical  stability  of  Sr15LaxMn04 
material  was  investigated.  Fig.  2  presents  the  XRD  patterns  of 
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looo/T  (k:1) 


Fig.  4.  Temperature  dependence  of  the  electrical  conductivity  for  Sri.5LaxMn04 
(x  =  0.35,  0.40,  0.45,  0.5)  in  air. 


Sr15Lao.35Mn04  and  CGO  mixtures  after  heat-treated  at  1000  °C  for 
4h.  Obviously  the  CGO  and  Sri>5La0.35MnO4  remained  their  struc¬ 
tures  unchanged.  There  were  no  new  peaks  identifiable  or  shift 
of  XRD  peaks  observed  in  the  patterns,  indicating  that  there  is 
no  reaction  and/or  inter-diffusion  of  elements  occurred  between 
Sri.5Lao.35Mn04  and  CGO.  Thus,  it  is  reasonable  to  conclude  that 
Sri  5La0.35MnO4  is  a  chemically  stable  cathode  material  for  CGO 
electrolyte. 


3.2.  Thermal  expansion 

The  thermal  expansion  behaviors  of  Sr15LaxMn04  (x  =  0.35, 0.40, 
0.45)  specimens  at  300-900  °C  in  air  are  shown  in  Fig.  3.  The  dilato- 
metric  curves  of  these  oxides  can  be  adequately  approximated  by 
linear  dependences  in  this  temperature  range.  The  average  thermal 
expansion  coefficient  (TEC)  value  was  found  to  decrease  with  the 
increase  of  La  cation  deficiency.  The  TEC  values  for  Sri  .5Lao.45Mn04, 
Sr15Lao.4olVIn04  and  Sr15La0.35MnO4  are  16.1  x  10-®,  15.5  x  10-6 
and  14.5  x  10-6  K-1,  respectively.  This  can  be  understood  by  con¬ 
sidering  the  inversely  proportional  relationship  between  TEC  and 
the  bonding  energy  of  ions  in  the  lattice  [30].  According  to  the 
refinement  results  (Table  1),  both  the  cell  volume  and  lattice 
parameters  decrease  with  the  increase  of  La  cation  deficiency.  This 
will  strengthen  the  M-0  bond  and  result  in  the  increase  of  bond¬ 
ing  energy.  It  is  clear  that  the  TEC  values  of  Sri5LaxMn04  decrease 
with  the  increase  of  La  cation  deficiency  and  the  TEC  value  of 
Sri.5Lao.35Mn04  is  much  closer  to  that  of  CGO  (~13.1  x  10-6  K-1 ). 
This  implies  that  Sri.5Lao.35Mn04  might  be  more  suitable  as  a  cath¬ 
ode  based  on  CGO  electrolyte  for  IT-SOFC. 

3.3.  Electrical  conductivity 

Arrhenius  plots  for  the  electrical  conductivity  of  Sr1>5LaxMn04 
(x  =  0.35, 0.40, 0.45)  are  given  in  Fig.  4.  A  linear  relationship  between 
ln(crT)  and  1  /T  was  found  for  all  samples.  The  calculated  Ea  values 
ranged  between  0.2  and  0.3  eV,  indicating  a  small  polaron  hopping 
mechanism.  As  shown  in  Fig.  4,  the  electrical  conductivity  increased 
and  the  activation  energy  decreased  with  the  increase  of  La  cation 
deficiency.  This  phenomenon  can  be  ascribed  not  only  to  the  steady 
increase  of  p-type  charge  carriers  with  La  cation  deficiency,  but 
also  to  the  increased  overlapping  of  the  atomic  orbits  between 
adjacent  Mn  atoms.  Based  on  XRD  refinement,  cell  parameters  a 
and  c  decrease  with  increasing  La  cation  deficiency.  As  a  result, 
the  bond  length  of  Mn3+-02_-Mn4+  reduced  and  the  overlap¬ 
ping  of  the  atomic  orbits  between  the  adjacent  Mn  was  promoted, 
which  subsequently  increased  the  liability  of  the  migration  of  the 
charge  carriers.  The  highest  electrical  conductivity  13.9  S  cm-1  was 
obtained  at  750  °C  in  air  for  Sri.5La0.35MnO4,  which  is  much  higher 
than  that  of  the  stoichiometric  Sr2_xLaxMn04+§  oxides  [27]. 

3.4.  Microstructure  of  cathode 

The  microstructure  of  the  sintered  electrode  is  one  of  the  most 
important  factors  to  influence  cathode  performance.  Fig.  5  shows 
surface  and  cross-section  morphologies  of  Sri>5Lao.35Mn04  cath¬ 
ode  on  CGO  electrolyte  after  sintered  at  1 000  °C  for  4  h  in  air.  It  can 


Fig.  5.  The  SEM  images  of  Sri.5Lao.35Mn04  electrode  sintered  at  1000  °C  (a)  and  the  cross-section  image  of  the  test  cell  (b). 
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Fig.  6.  Arrhenius  plot  of  the  polarization  resistances  of  Sri.5LaxMn04  (x  =  0.35, 0.40, 
0.45,  0.5)  electrodes. 

be  seen  (Fig.  5a)  that  Srli5Lao.35Mn04  electrode  exhibits  a  homo¬ 
geneous  porous  microstructure.  The  electrode  particles  (500  nm  in 
average  grain  size)  appear  to  form  continuous  network,  which  is 
beneficial  for  the  gas  transportation  and  formation  of  the  electronic 
conducting  network  within  the  cathode.  From  the  cross-sectional 
view  (Fig.  5b),  it  can  be  seen  that  CGO  electrolyte  and  cathode 
adhered  well  to  each  other  with  a  cathode  thickness  of  about  1 5  p,m. 
No  delamination  occurs  at  the  electrolyte-cathode  interface  after 
cell  testing. 

3.5.  Electrochemical  performance 

The  performance  of  Sri>5LaxMn04  cathode  for  oxygen  reduc¬ 
tion  was  studied  by  EIS  in  three  electrode  system.  Fig.  6  shows  the 
temperature  dependence  of  the  electrode  polarization  resistance  of 
Sri.5LaxMn04  cathode.  The  polarization  resistance  values  reduced 
with  the  increase  of  La  cation  deficiency  over  the  entire  examined 
temperature  range.  Sr1>5La0.35MnO4  gave  the  lowest  polarization 
resistance  value  (~0.25£2cm2)  at  750  °C  in  air,  which  is  about 
1/6  that  of  Sr1>4La0.6MnO4.  The  superior  electrochemical  perfor¬ 
mance  of  Sr15La0.35MnO4  cathode  is  ascribed  to  the  following 
reasons.  It  is  proved  that  the  oxygen  vacancies  were  indeed  bene¬ 
ficial  to  the  oxygen  reduction  reaction  (ORR)  [31,32].  The  creation 
of  oxygen  vacancies  with  the  increase  of  La  cation  deficiencies  in 
Sri  5LaxMn04  facilitated  oxygen  ion  both  diffusion  within  the  oxide 
bulk  and  surface  diffusion  of  the  diassociative  adsorbed  oxygen  on 
the  electrode;  In  addition,  the  conductivity  of  the  cathode  material 


Fig.  7.  Impedance  spectra  of  Sri.5Lao.35Mn04  cathode  on  CGO  electrolyte  measured 
at  750  °C  under  various  oxygen  partial  pressures. 


was  improved,  which  will  improve  the  cathodic  electrochemical 
performance  as  well. 

In  order  to  further  understand  the  ORR  mechanism  on  the 
electrodes,  impedance  measurements  were  done  as  a  function  of 
oxygen  partial  pressure.  Fig.  7  shows  the  impedance  spectra  of 
Sri>5La0.35MnO4  cathode  measured  at  750  °C  under  various  oxy¬ 
gen  partial  pressures  (Po2 ).  The  value  between  the  high  frequency 
x-axis  intercept  and  the  low  frequency  one  is  attributed  to  the  total 
polarization  resistance  (Rp)  of  Sri  5La0.35MnO4  cathode.  As  can  be 
seen,  the  impedance  spectra  contain  two  separable  depressed  arcs, 
suggesting  that  at  least  two  different  electrode  processes  limited 
the  oxygen  reduction  reactions.  In  order  to  separate  the  different 
contributions,  an  equivalent  circuit  with  two  distributed  elements 
was  used  to  fit  the  data.  As  shown  in  Fig.  7,  Rel  is  the  combination  of 
electrolyte  resistance,  electrode  ohmic  resistance,  lead  resistance 
and  contact  resistance  between  cell  and  Pt  mesh,  CPE  is  the  constant 
phase  element  in  parallel  with  a  resistance  (R),  RH  and  RL  are  the 
resistance  corresponding  to  the  high-frequency  and  low-frequency 
arc,  respectively.  The  dependence  of  polarization  resistance  on  oxy¬ 
gen  partial  pressure  was  shown  in  Fig.  8.  As  we  know,  the  ASR  of 
the  electrode  varied  with  the  oxygen  partial  pressure  according  to 
the  following  law: 

[ASR]  =  [ASR]°(Po2  )" 

For  different  process,  there  is  a  unique  n  value.  A  value  of  0,  0.25, 
0.5  and  1  is  associated  with  the  following  reactions,  respectively 
[33]. 

n  =  1  02(g)  4^  02,ads. 

O  =  0.5  02,ads.  ^  20ads 

n  =  0.25  Oads  +  2e'  +  Vo**  4^  Oq 
n  =  0  Ojpg  +  V0**  44-  Oq 

Our  results  indicated  a  complex  relationship  between  the  polar¬ 
ization  resistance  and  the  oxygen  partial  pressure.  At  low  oxygen 
partial  pressure  (less  than  3.03  kPa),  n  value  is  near  zero  for  RH 
(n  =  0.01 ),  which  is  associated  with  the  oxygen  ion  transfer  from  the 
TPB  to  the  electrolyte;  for  RL  the  value  is  0.24,  which  is  related  to 
charge-transfer  reaction  at  the  triple-phase  boundary  (see  Fig.  8). 
When  the  oxygen  partial  pressure  is  above  3.03  kPa,  however,  n 
value  is  0.22  for  R h,  which  is  associated  with  the  charge-transfer 
reaction,  and  0.51  for  RL,  which  is  related  to  surface  diffusion  of 
the  dissociative  adsorbed  oxygen  at  the  TPBs  (see  Fig.  8).  Com¬ 
pared  with  the  fitting  results  of  Figs.  7  and  8,  we  found  that  at 
low  oxygen  partial  pressure  (less  than  3.03  kPa),  the  magnitude 
of  Rl  is  larger  than  RH;  at  high  oxygen  partial  pressure  (higher 
than  3.03  kPa)  however,  the  magnitude  of  Rh  is  larger  than  RL.  So 


Fig.  8.  Curves  of  polarization  resistances  vs.  Po2  for  Sri.5La0.35MnO4  electrode  at 
750  °C. 


5.  Li-Ping  et  al.  /  Journal  of  Power  Sources  196  (201 1 )  5835-5839 


5839 


Fig.  9.  The  overpotential-current  density  curves  for  Sri.5Lao.35Mn04  electrode  mea¬ 
sured  at  various  temperatures  in  air. 

we  can  draw  a  conclusion  that  the  charge  transfer  reaction  is  the 
major  rate-limiting  step  in  the  whole  range  of  measuring  oxygen 
partial  pressure.  Compared  to  the  previous  result  of  the  stoichio¬ 
metric  compound  Sr2_xLaxMn04  (x  =  0.4,  0.5,  0.6),  with  which  the 
charge  transfer  reaction  is  the  rate  limiting  step  (Ref.  [27]),  it  was 
found  that  the  generation  of  La  cation  deficiency  promoted  the  ORR 
reaction,  whereas  the  reaction  mechanism  remain  unchanged. 

Cathodic  overpotential  is  an  important  component  of  electrode 
performance.  Fig.  9  presents  the  typical  overpotential  curves  of 
Sri>5La0.35MnO4  cathode  as  a  function  of  current  density  mea¬ 
sured  at  different  temperatures  in  air.  It  was  observed  that  the 
cathodic  overpotential  decreased  with  an  increase  of  the  mea¬ 
surement  temperature,  indicating  that  the  catalysis  property  was 
improved  with  the  temperature.  The  polarization  overpotential, 
49  mV  was  obtained  for  Sri>5La0.35MnO4  cathode  at  a  current  den¬ 
sity  of  100  mA  cm-2  at  750  °C  in  air.  This  value  is  better  than  that 
of  the  reported  Sri  4La0.6lVInO4+§  materials  in  literature  [27].  This 
result  is  understandable,  considering  the  presence  of  large  amount 
of  oxygen  vacancies  generated  by  the  A-site  La  cation  deficien¬ 
cies  in  the  lattice.  Oxygen  vacancies  can  promote  the  mobility 
of  the  oxygen  ions.  Therefore,  the  amount  of  absorbed  oxygen 
on  the  electrode  surface  and  the  migration  of  oxygen  to  the  TPB 
or  diffusion  to  the  electrode/electrolyte  interface  can  be  strongly 
enhanced. 

4.  Conclusions 

Sr15LaxMn04  (x  =  0.35, 0.40, 0.45)  oxides  have  been  synthesized 
by  solid  state  reaction  and  assessed  for  possible  use  in  SOFCs.  The 
conductivity  of  Sri.5Lao.35Mn04  is  about  13.9  S  cm-1  at  750  °C  in 
air.  Sri.5Lao.35Mn04  cathode  forms  good  contact  with  CGO  elec¬ 
trolyte  after  sintering  at  1000°C  for  4h.  No  chemical  reaction  was 
found  between  Sr15Lao.35Mn04  electrode  and  CGO  electrolyte.  The 
reaction  rate  limiting  step  for  oxygen  reduction  on  the  electrode 


is  the  charge  transfer  process.  The  lowest  Rp  value  was  achieved 
for  Sri.5Lao.35Mn04  (0.25  £2  cm2)  at  750  °C  and  the  highest  current 
density  is  100  mAcrrr2  at  overpotential  of  49  mV. 
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